The mismatch between the supply and demand, inequitable distribution and the over irrigation of water consuming crops are the main constraints that are faced in the implementation of the integrated water resources management in Egypt. With water scarcity, the problem under consideration is that the current cropping pattern is not economically efficient in the utilization of the available water resource. Moreover, in consequence of the importance of the agricultural sector to the national economies, it is necessary to be aware of the economic performance of water use in the crops production. The scope of this study is to develop economic value of irrigation water maps of Egypt. The objective of the study is carried out by acquiring a Decision Support System for economic value of irrigation water of Egypt. This Decision Support System is applied for developing economic value maps for the irrigation water that is used for cultivating 45 crops under cereal, fiber, legumes, and vegetables, herbalist, and forages categories at each governorate of Egypt in year 2008 and 2009. The crops that achieve the highest and lowest economic value of irrigation water at each governorate of Egypt were identified. The reasons of the variations in the economic value of irrigation water at the governorates of Egypt were determined. The developed Decision Support System could be used yearly as a tool for demonstrating a picture about the economic value of irrigation water for the decision makers in the areas of water resources and agriculture. The developed economic value of irrigation water maps can be used in proposing a cropping pattern that maximizes the economic value of irrigation water in each governorate of Egypt.
Introduction and objective
Increasing demand for food, feed, fuel, and fiber will require increasing efficiency from agricultural production systems. In the water resources and agricultural sector, return per unit of investment is a measure of efficiency (Hatfield 2011) . In the crop production area, decision-making process is considered limited when contemplated only the performance evaluation of crop yield. Using an efficiency-based approach, fields will not be evaluated only on their yield but also on their return per unit input of water, nutrients, or energy, as well as the impact of improved genetics and management practices.
The economic value of water depends on the user as well as on the use to which it is allocated. The value of water should reflect the economic, environmental, cultural and religious values of the society El- Atfy and Kotb (2004) . Information on water's economic value enables decision makers to make informed choices on water development, conservation, allocation, and use when growing demands for all uses are made in the face of increased scarcity. Conceptually correct and empirically accurate estimates of the economic value of water are essential for rational allocation of scarce water across locations, uses, users, and time periods (Warda and Michelsen 2002) .
In Egypt, population growth and the horizontal expansion plans of the government increase the demand for irrigation water. A considerable increase in efficiency is required to make this additional required water available. Such an efficiency improvement will have important social as well as economic impacts, e.g. when changes in the cropping pattern are required (shift from crops with a high water demand to less sensitive crops (MWRI 2005) . The Egyptian cropping pattern was mainly controlled by Egyptian government for a long period . Several studies, revealed the deviation of the prevailing cropping pattern from optimal one that could achieve economic efficiency in allocating resources and increasing agricultural production (Negm et al. 2006; Kuo 2001) . Starting from 1987, an agricultural liberalization policy was implemented in Egypt. Some studies indicated just slight improvement toward achieving economic efficiency as a result of the changes that occurred in the cropping pattern after the liberalization policy (Negm et al. 2006) . With water scarcity, the problem under consideration is that the current cropping pattern is not economically efficient in the utilization of the available water resource. Therefore, the target of the agriculture and water resources policy of Egypt ought to maximize economic efficiency of the available water resources, taking into consideration the freedom of the farmer in choosing the crops to plant.
Some studies were carried out considering the economic value of irrigation water and cropping pattern of Egypt. Shahata and Raghab (2008) recommended a cropping pattern at the national level that achieve the optimal economic use of water resources, Negm et al. (2006) investigate two scenarios for the cropping pattern at the national level. The first scenario is associated with the continuation of the local prices of crops; while the second one is associated with the dynamic global conditions, this study concludes with the necessity to modify the current cropping pattern in Egypt in order to achieve the efficient utilization of water resources available, Salah (2002) recommended a cropping pattern that achieve an increase in both the net revenue from some plants and return unit of irrigation water at the national level, El-Atfy and Kotb (2004) illustrate the national economic value of nine main crops that are wheat, beans, sugar beet, clover, flax, rice, maize, sugar cane, and cotton, Shahata (1993) recommend that it is essential to reconsider the cropping pattern in the light of the economic efficiency of water use. The previous are carried out at the national level or consider some crops at some governorates of Egypt. None of these studies consider most of the crops at all the governorates of Egypt simultaneously.
The main objective of the current study is formulated to help in the future water management of Egypt by developing a decision support system for calculating and producing irrigation water economic value maps for different crops all over Egypt. These maps could be used as a tool for evaluating the economic performance of water use in the crop production and help in proposing a new cropping pattern toward maximizing the economic value of irrigation water. The study approach consists of five stages: (1) develop a Decision Support System for Economic Value of Irrigation Water (DSS-EVIW); Microsoft Access and ArcMap 9.3 are applied to develop DSS-EVIM, (2) apply the developed DSS-EVIW in calculating and develop irrigation water economic value maps for 45 crops; the most essential crops in Egypt, (3) analyse the developed economic value maps, (4) identify the highest and lowest irrigation water economic value crops at each governorate of Egypt, and (5) illustrate the variation of the economic value of irrigation water in different regions of Egypt (lower, middle and upper Egypt).
The Egyptian physiography and climate
Egypt is divided into three main agro-climatic zones, as shown in Fig. 1: (1) lower Egypt (Nile Delta), extending from the north of Cairo to the Mediterranean Sea and is characterized by some winter precipitation, (2) middle Egypt, extending from Cairo south to the boundary of Minia/Assuit governorates and characterized by minimal rainfall, and (3) upper Egypt, extending southwards from the Minia/Assuit governorates boundary to the Sudanese border and characterized by the almost complete absence of rainfall. The desert governorates did not considered through the study due their own characteristic (the cropping pattern in these governorates is determined for purposes of research or reclamation).
Egyptian water resources and agriculture

Water resources in Egypt
Egypt receives more than 95% of its freshwater resources from the Nile River. Water resources in Egypt are divided into conventional water resources and non-conventional water resources. In year 2008/2009, the quantity of conventional water resources and non-conventional water resources was 74.2 BCM/year. The water resources in Egypt in year 2008-2009 were: Nile River (55.5 BCM/year); representing 76.7% of Egypt's water resources, underground water (6.2 BCM/year); representing 8.6% of Egypt's water resources, rains and floods (1.3 BCM/year); representing 1.8% of Egypt's water resources, drainage water reuse (8.0 BCM/year); representing 11.1% of Egypt's water resources, and sewage water recycling (1.3 BCM/year); representing 1.8% of Egypt's water resources, and water desalination (0.06 BCM/year); representing 0.1% of Egypt's water resources (CAPMAS 2010) .
Agriculture in Egypt
The total area of irrigated land in year 2009 was approximately 8.7 million feddans (feddan = 4,220 m 2 ) and expected to reach 11 million feddans by the year 2017 after the implementation of the horizontal expansion plan and the national mega projects (Attia 2009 ). The agricultural sector represents 13.22% of the GDP year 2008. It provides employment for about 34% of the Egyptian labor force and plays an important role for the public in sustenance farming. The cultivated crops are many in Egypt. The important crop varieties are cereals (rice, wheat and maize), fiber (cotton has traditionally been the most important fiber crop in Egypt), sugar crops (sugar cane is the main sugar crop in upper Egypt and sugar beet also grows in large areas in the lower Egypt), legumes (include a number of bean crops such as broad beans and soybeans), forage crops (Egyptian long clover is the major forage crop), vegetables and fruits.
The main features of the water and agricultural policy of Egypt
The recent versions of the water policy of Egypt up to 2017 and 2030 call for the improvement of the economic efficiency of water use (MWRI 2005; MWRI 2010) , by shifting the cropping pattern to save water, achieving better integration between agricultural and water resource policies, and maximizing the economic and social return from water resources. Also the agriculture strategy to 2030 emphasis the rationalization of irrigation water use through adopting several measures such as the adjustment of the cropping pattern that considers the revenues per unit of water (Siam and Moussa 2003; MALR 2005; MALR 2009 ).
Methodology
To achieve the objective of the current study, a number of activities are carried out. The DSS-EVIW (Decision Support System for Economic Value of Irrigation Water) was implemented to compute and develop the economic value of irrigation water maps. Then, the collection of necessary data on the cost, revenue, consumed water and the cultivated area of the important crops in Egypt is accomplished. The applications of DSS-EVIW that calculate and develop irrigation water economic value maps for 45 crops, the most essential crops in Egypt, were analyzed.
Development of DSS-EVIM
DSS-EVIW contains three main components, namely, database, model and user interface subsystem. Figure 2 schematics the frame work of the developed DSS-EVIW. The function of the database subsystem is to store and manipulate the spatial and temporal data. The model subsystem is operated to calculate the economic value of the irrigation water. The user interface subsystem is designed to facilitate the use of the DSS either by expert or non-expert user. In all cases, the subsystems are designed in a simple approach to avoid the need for sophisticated background or training requirements. Microsoft Access and ArcMap 9.3 represent the main programs that used to develop DSS-EVIM.
Model base sub-system
There are several methods for estimating the value of water. Agudelo (2001) provides a comprehensive overview of the most relevant methods generally applied to assess the value of water in its different uses. Agudelo (2001) In the Egyptian case study, farmers are not paying for irrigation water as it is provided by the government for free (Abu-Zeid 2001) . Moreover, there is no measurement of the actual water consumption on the farm level. Consequently, it is not possible to establish a relationship between price and demand from actual behavior to generate demand functions for water use and it is difficult to know the marginal value of water. Besides, according to Agudelo (2001) if there are inputs which are un-priced, not competitively priced or not employed to the point where their price equals their value of marginal product, then the residual imputation method will generate inaccurate estimates of water values. Therefore, it is difficult to apply methods such as willing to pay, production function methods, and the residual valuation method for estimating the economic value of irrigation water in Egypt.
The value-added method is an approach particularly well suited to estimating benefits in production sectors, where water is an intermediate good. Value added generally refers to net payments to primary resources (the costs of preparation of the agricultural land, seeds, irrigation, fertilization, agricultural service, pests' resistance, and harvest, transportation of the crop, and public expenditures). The disadvantage of the value-added method is that the use of the regional value-added criterion leads in some cases to attributing the productivity of all primary resources (labor, capital, other natural resources, etc.) to the value of water. However, value added is often measured on a sector-by-sector basis through an input-output model representing the structure of the economy of a region (Agudelo 2001) . The value-added concept could be functional in planning an economically efficient allocation of water between different crops in the agricultural sector. Therefore, the economic value of irrigation water through the study is computed applying value-added method using Eq. 1: NR ij is the net return per unit of water from cultivating crop (i) at governorate (j) (LE/m 3 ), TR ij is total revenue per feddan from crop (i) at governorate (j) (LE/feddan), P ij and Q ij are the costs and quantities of the inputs used per feddan for cultivating crop (i) at governorate (j) (LE/feddan), and W ij is the quantity of water applied per feddan for crop (i) at governorate (j) (m 3 /feddan).
Database subsystem
The main purpose of the developed database is to store and tabulate the data, compute the economic value maps, and link the input data and the output of running the model with the developed Geographic Information System. The designed database could be expanded for more data in the future. In addition, it has an easy-to-use graphical user interface. To fulfill all the objectives of the database, different forms, queries and macros are developed to view, edit, modify the data, compute the economic value of irrigation, and connect the input data and the output of running the model with the developed Geographic Information System. As shown in Fig. 1 , the main input data and information for the DSS-EVIW are divided into two main forms that are the built in data and the key in data. The built in data includes the different crops by categories and their cultivated season and the water applied per feddan for each crop at lower, upper, and middle Egypt. The key in data includes information about the costs and revenues of crop production per feddan. The costs data include the costs of preparation of the agricultural land, seeds, irrigation, fertilization, agricultural service, pests' resistance, and harvest, transportation of the crop, and public expenditures. The output from the DSS-EVIW are the total cost and total net return (LE) of cultivating each crop and economic value maps for irrigation water that is used in the crops production all over the country.
User interface subsystem
User friendly interfaces were designed and implemented to manage the model runs. Some of those were developed to facilitate the process of data entry and the others to display the output of the model. Through the data entry screen, the user can select the crop for which it is required to develop its irrigation water economic value map. The crops through the previous screen were categorized into nine main categories that are cereal, fiber, vegetables, fruits, sugar crops, oil crops, legumes, forages, and herbalist. The results of DSS-EVIW could be demonstrated in reports and maps format.
Application of DSS-EVIW
Data and information for years 2008 and 2009 were collected, adjusted and uploaded to DSS-EVIW. These data were collected from Ministry of Agricultural and Land Reclamation, Ministry of Irrigation and Water Resources, and literature review. The collected data include: (1) the cultivated area in each governorate of Egypt for 45 crops, (2) the costs of cultivating the 45 crops which include preparation of the agricultural land, seeds, irrigation, fertilization, agricultural service, pests' resistance, harvest, transportation of the crop, public expenditures, and rent of the land, (3) the total revenue from the 45 crops which include the value of the main crop and the value of the secondary crop, and (4) water applied for cultivating the different crops.
Analysis and results
Economic values of irrigation water
The calculated economic values of irrigation water through DSS-EVIW for the 45 crop categorized on cereal, fiber, vegetables, fruits, sugar crops, oil crops, legumes, forages, and herbalist at different governorates of Egypt ranked from higher to lower economic value are shown in Appendix Tables 2, 3 and 4). These economic values for irrigation water are provided for the 45 crops in the form of maps. Figure 3 shows as example the developed water economic value map for wheat (average of years 2008-2009).
Crops of the highest and lowest economic value of irrigation water
The analysis of the results shows that the economic value of irrigation water applied for eggplant in Monofia reaches the highest value generated from irrigation water use in crops production (average of years 2008-2009), while the economic value of irrigation water applied for henna in Aswan governorate reaches the lowest value generated from water use in crops production (average of years 2008-2009) as shown in Fig. 4 . Figure 4 presents the economic value of irrigation water for 45 crops at different governorates of Egypt ranked from the highest to the lowest one.
Economic values of irrigation water for the crop categories
The calculated economic values of irrigation water for the crop categories at different governorates of Egypt are ranked from higher to lower economic value, as shown in Table 1 . Analysis of the results shows that wheat, flax, broad bean, sugar beet, peanut, roselle, tahrish and eggplant winter reached the highest values generated from water use in the crop production average of years 2008 and 2009 with values 2.49, 2.28, 2.08, 2.05, 1.62,1.13, 2.85, and 10.03 LE/m 3 in cereal, fibber, legumes, sugar crops, oil crops, herbalsim, forages, and vegetables categories at Beheira, Kafr el-Sheikh, Gharbia, Al-Minya, Giza, Asyut, Giza, and Monufia governorates, respectively. While, rice, cotton, chickpea, sugarcane, soybeans, henna, long clover and pepper summer reached the lowest values generated from water use in crops' production in years 2008 and 2009 with values 0.49, 0.79, 0.86, 0.86, 0.57, 0.47, 0.29, 2.19 , and 1.24 LE/m 3 in cereal, fibber, legumes, sugar crops, oil crops, herbalsim, forages, and vegetables categories at el Behera, Dakahlia, Al-Minya, Aswan, Alexandria, Aswan, Gharbia, and Sharqia governorates, respectively.
Relation between cultivated areas and the economic value of irrigation water As shown in Figs. 5 and 6 in spite of the economic value of irrigation water for wheat, as an example, in Sharqia is lower than its value at el Behera governorate, the cultivated area of wheat at Sharqia governorate is larger than its area at el Behera governorate. This concludes that the cultivated Fig. 4 Economic value of irrigation water for 45 crops at different governorates of Egypt ranked from the highest to the lowest one area of the crop at the different governorates is not related to its economic value. The previous analysis recommends the selection of the cropping pattern that increase the cultivated areas at the governorate based on the highest economic value for irrigation water.
Variation in the economic value of irrigation water As shown in Fig. 7 , although the applied water for cultivating wheat crop in Behera and Sharquia governorates (the two governorates are located in the same region that is lower Egypt) is equal, the economic values of wheat irrigation water in Behera governorate (2.49 LE/m) is higher than that in Sharqia governorate (1.69 LE/m 3 ). As shown in Fig. 8 , the net return and the total cost and revenue per feddan for cultivating wheat crop in each governorate of Egypt in year 2009 are different from one governorate to the other even in the governorates that are located in the same region (lower, middle, and upper Egypt). The costs include the costs of preparing the land, irrigation, field rent, fertilizer, labors, seed, pesticides, harvesting, and transfer to market.
Therefore, it is concluded that the economic value of irrigation water of the same crop varies from one governorate to the other even in the same region. In the same region, the variation in the economic value of irrigating crop is due to the variations in the costs and revenue of the crop production and not to the variation in quantity of applied water. While, in different regions, the variation in economic value of irrigation water of a crop is due to the variations in the costs and revenue of the crop production and the quantity of irrigation water.
Conclusions
The current study succeeded to develop a Decision Support System to help in the integrated water resources management by computing and implementing economic value maps for irrigation water of Egypt. The DSS was applied to develop economic value maps of irrigation water for cultivating 45 crops under cereal, fiber, vegetables, fruits, sugar crops, oil crops, legumes, forages, and herbalist categories.
Crops of the highest and lowest economic value of irrigation water were determined. The economic value of irrigation water applied for eggplant in Monofia reaches the highest value generated from irrigation water use in crops production (average of years 2008-2009), while the economic value of irrigation water applied for henna in Aswan governorate reaches the lowest value generated from water use in crops production (average of years [2008] [2009] ). Analysis of the developed maps shows that wheat, flax, broad bean, sugar beet, peanut, roselle, tahrish and 49, 0.79, 0.86, 0.86, 0.57, 0.47, 0.29, 2.19 , and 1.24 LE/m 3 in cereal, fibber, legumes, sugar crops, oil crops, herbalsim, forages, and vegetables categories at el Behera, Dakahlia, Al-Minya, Aswan, Alexandria, Aswan, Gharbia, and Sharqia governorates, respectively.
The study showed that the cultivated area of the crop at the different governorates is not related to its economic value. Where, the cropping pattern is not selected in a way that increases the cultivated areas at the governorate based on the economic value of irrigation water. Moreover, the study shows that the economic value of the crop does not depend on the region. The economic values of irrigation water vary from one governorate to the other even in the same region (lower, middle, and upper Egypt). In the same region the variation in economic value of irrigation water is due to the variations in the costs and revenue of the crop Fig. 6 The cultivated area of wheat at different governorates (2008) (2009) production and not to the variation in the quantity of irrigation water. While, in different regions the variation in economic value of irrigation water of the crop is due to the variations in the costs and revenue of the crop production and the quantity of irrigation water. The reasons of the cost changes at different governorates should be studied.
It is recommended to propose a cropping pattern that increases the cultivated areas for the crop at the governorate where the economic value of irrigation water for that crop achieve a high economic value. Based on the results, it is recommended to apply the developed DSS to evaluate the economic performance of water use in the crop production each year. The calculated and developed economic value of irrigation water maps can be used in proposing cropping pattern that maximizes the economic value of irrigation water in Egypt. Researchers and decision makers can then better target resource (re)allocation and measures to enhance water economic value in the agricultural sector.
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Appendix
See Tables 2, 3 and 4. Cairo; 3, Qalyubia; 4, South Sinai; 5, North Sinai; 6, PortSaid; 7, Ismailia; 8, Sharqia; 9, Dakahlia; 10, 11, Gharbia; 12, Dumyat; 13, Matruh; 14, Alexandria; 15, Beheira; 16, Monufia; 17, Giza; 18, 19, Bani Swaif; 20, 21, 22, Asyut; 23, Suhaj; 24, Aswan; 25, 26, Luxor; 27, Qina b Region: L, lower; M, middle; U, upper Cairo; 3, Qalyubia; 4, South Sinai; 5, North Sinai; 6, PortSaid; 7, Ismailia; 8, Sharqia; 9, Dakahlia; 10, 11, Gharbia; 12, Dumyat; 13, Matruh; 14, Alexandria; 15, Beheira; 16, Monufia; 17, Giza; 18, 19, Bani Swaif; 20, 21, 22, Asyut; 23, Suhaj; 24, Aswan; 25, 26, Luxor; 27, Qina b Region: L, lower; M, middle; U, upper 
